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ABSTRACT 
 
 
       The present thesis investigates the improvement in the bearing 
capacity of well-graded sandy silty clay with thin sand layer on top and 
placing geotextile at different depths. Model tests were performed for 
a square footing resting on top of the soil to establish the load 
versus settlement curves of unreinforced and reinforced soil system. 
The test results focus on the improvement in bearing capacity of well-
graded sandy silty clay and sand on unreinforced and reinforced soil 
system.  
The results show that bearing capacity increases significantly with the 
increased number of geotextile layers.  
The bearing capacity for the soil increases with an 36.42% using one 
geotextile layer.  
In addition, capacity for sand underlain silty clay for two, three and 
four number geotextile layer were 46.43%, 90%, 122.14%, 
respectively.  
The finding of this research work may be useful to improve the bearing 
capacity of soil for shallow foundation and pavement design for similar 
type of soil available elsewhere. 
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1.1 Introduction 
 
     This chapter observe general preface about our project and 
includes overview, problem statement, objectives and scope of 
work. 
 
1.2 Background   
 
       The scarcity of suitable land for construction, has forced civil 
engineers to improve sites containing weak soil to make it fit for 
the safe and stable construction of buildings. There are different 
methods, which help in improving the granular soil such as 
vibrio-flotation, compaction pile earth reinforcement, grouting, 
compaction with explosives etc., the availability of materials 
required and methods adopted for improving the soils affect the 
cost of construction. Nowadays, geosynthetics are being used 
extensively as reinforcement in soils. In nature, the roots of the 
trees and plants are the best examples of earth reinforcement, 
which hold the earth.  
The use of geosynthetics to improve the bearing capacity and 
settlement performance of shallow foundation has gained a lot 
of attention in the field of geotechnical engineering.  
3 
 
Several studies have demonstrated the improvement of bearing 
capacity and the settlement characteristics of foundation soil by 
the usage of geosynthetics. In this Search, a comparative study is 
made through experiments that are being carried out in the 
laboratory to study the response of foundation on reinforced soil 
like settlements, load bearing capacity, by using two different 
shapes of isolated footing (square footing), two types of soil 
(sand and silt clay soil), and reinforcement of  Geosynthetics soil 
reinforcement such as geotextiles, geogrides and geocomposites 
have beneficial effects on bearing capacity and settlement of 
shallow foundations.     
Considerable experimental research has been reported to study 
the behavior of footing resting on geosynthetics reinforced bed 
From the studies reported in the literature, it has been observed 
that there is a substantial increase in bearing capacity of 
foundation reinforced with geosynthetics and settlement of 
foundation decreases.  
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1.3 problem statement  
 
          The soft soil and has caused twice as many is a problem in 
the foundation of building construction and at any foundation the 
structure for the transfer of the load of the foundation into the 
soil 
Which carry them to under a layer of the soil and major problem 
in an impoverished or weak soil bearing capacity; many 
researchers attempting to for the study try to resolve this 
problem. 
 
1.4 Research Aim    
 
      The aim of this research is to Improvement of Bearing 
Capacity of Single Footing on Reinforced Double layer Soil (well-
graded sandy silty clay and sand) system by Geotextile material. 
 
1.5 Objective of present study 
 
The objectives of the present study are as below: 
 
 Determination the physical and engineering properties of 
well graded sandy silty clay and sand  
 Investigate the bearing capacity of reinforced layer soil by 
geotextile  
 Determine the theoretical ultimate bearing capacity of the 
unreinforced layer soil  
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 Compare the results of theoretical and experimental bearing 
capacity  
 Conduct the improvement in bearing capacity. 
     
1.6 Scope of the present study  
 
To fulfill the objectives mentioned above, scope of works are 
mentioned as below: 
 Procurement of the materials to be used in the study – soil, 
geotextile from different sources as per requirement of the 
study. 
 Determination of engineering properties of soil by routine 
laboratory tests 
 Determination of physical properties and strength properties 
of geotextile 
 Determination of compaction characteristics of soil like OMC 
and Maximum dry unit weight  
 Determination of Unconfined Compressive strength of soil at 
different water contents of soil 
 Determination of Specific gravity for sand 
 Determination of Liquid limit (LL) , Plastic limit (PL) and 
Plasticity index (PI) 
 Determination of Relative density of sand and Relative 
compaction of clay 
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1.7 Thesis Organization 
 
Thesis is divided into six chapters; each chapter covers a certain 
area as follows:   
 Chapter one introduces the reader to the ground feature 
of the subject, and presents the objective and importance 
of this research.  
 Chapter two presents literature review that covers the 
previous international.  
 Chapter three presents material used and experimental 
program.  
 Chapter    four   presents the   test   results   and   analysis.  
 Chapter   five is   the   conclusions and recommendations. 
 
1.8 Work Plan Duration 
 
      Study of previous research on the subject, and to 
collect information from multiple sources  
 Reviewing the literature reviews   
 Proposal Writing & Submission   
 Proposal Approval 
 Running The Experimental works  
 Experimental Results Analysis  
 Graduation Thesis Writing & Submission  
 Graduation Thesis Approval 
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2.1 Introduction 
 
     This chapter observe general preface about reviewing literature   and 
includes General, experimental studies  and Design methods . 
 
2.2    General 
 
         After going through the literature, it has been found that several 
researchers worked on foundation problem. Some researchers worked 
on unreinforced sand bed while some worked on reinforce sand bed. At 
the same time, some researchers based their study on the results of 
prototype laboratory model testing while some researchers used 
theories based on finite element and numerical analysis to develop 
formulas to predict ultimate bearing capacity. Results that are available 
is related to the enhancement of load bearing capacity of shallow 
foundation supported by sand reinforced with metal strip, metal bar, 
rope fibers, geotextile and geogrid. Some of these tests were conducted 
using model square foundation while others using model strip 
foundation. In this chapter, brief reviews of some literature are 
presented. 
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2.3 Experimental studies   
 
 
 MadhaviLatha & AmitSomwanshi (2009)  Bearing capacity of footings on 
geosynthetic, reinforced sand is evaluated and the effect of various 
reinforcement parameters like the type and tensile strength of geosynthetic 
material, amount of reinforcement, layout and configuration of geosynthetic 
layers below the footing on the bearing capacity Improvement of the 
footings is studied through systematic model studies. Four types of grids, 
Results show that the effective depth of reinforcement is twice the width of 
the footing and optimum spacing of geosynthetic layers is half the width of 
the footing. It is observed that the layout and configuration of reinforcement 
play a vital role in bearing capacity improvement rather than the tensile 
strength of the geosynthetic material. 
 
 
 
 
 Nazir & Azzam (2010)   the presents study attempts results of laboratory 
model tests for studying the improvement of soft clay layer by using both 
partially replaced sand piles with/without confinement. This research is 
performed to study the effect of sand pile to improve the bearing capacity 
and to control the settlement. In addition, the research aimed at 
investigating the variation of subgrade modulus, and the induced failure 
mechanism of shallow circular footing on replaced soil with/without skirts. 
The results show that the improvement of load bearing capacity is 
remarkable; using both partially replaced sand pile with and without 
confinement by skirts. The adopted technique can substantially modify the 
stress displacement curve of the footing rested on soft clay layer, 
11 
 
significantly decreases the settlement and the replaced soil block inside the 
skirts behave as deep foundation. Therefore, the bearing capacity failure 
mechanism of a footing rested on soft clay can be modified from exclusive 
settlement to general bearing capacity failure at the tip of confined 
replaced sand column. 
 
 
 
 Hataf , Boushehrian and A. Ghahramani (2010)   This paper deals with 
the of using the new generation of reinforcements, grid-anchor, for the 
purpose of reducing the permanent Settlement of these foundations under the 
incense of deferent proportions of the ultimate load. Other items, such as the 
type and number of reinforcements, as well as the number of loading cycles, 
are studied experimentally. In all cases, the foundation is _rest under the 
incense of a _axed static load equal to the weight of the structure itself and, 
then, the cyclic load in deferent proportions of the ultimate load is applied to 
it. The results show that by using grid-anchor and increasing the number of 
their layers in the same proportion as that of the cyclic load applied, the 
amounts of permanent settlements are reduced and the numbers of loading 
cycles to reach it are decreased. For comparison with the experimental 
_ndings, similar to the conditions of the tests conducted, numerical models 
were made using a 3-D _nite element software. The numerical results 
showed good agreement with the test  
 
 
 
 
 
12 
 
 Biswas , Dash & Krishna 2011 This paper presents an experimental study 
investigating the behavior of geogrid reinforced sand-clay foundation 
systems with clay subgrades of different strengths, Model tests were carried 
out on a circular footing. The results obtained indicate that the performances 
of foundation systems are largely dependent on the subgrade strength, 
thickness of the sand layer, and footing settlement level. In the case of 
foundation systems with unreinforced sand layer over clay subgrades. 
 
 
 
 El Sawwaf & Ashraf K. Nazir (2011)     the paper presents a study of the 
behavior of model strip footings supported on a loose sandy slope and 
subjected to both monotonic and cyclic loads. The effects of the partial 
replacement of a compacted sand layer and the inclusion of geosynthetic 
reinforcement were investigated. Different combinations of the initial 
monotonic loads and the amplitude of cyclic loads were chosen to simulate 
structures in which loads change cyclically such as machine foundations. 
The affecting factors including the location of footing relative to the slope 
crest, the frequency of the cyclic load and the number of load cycles were 
studied. The cumulative cyclic settlement of the model footing supported on 
a loose sandy slope, un-reinforced and reinforced replaced sand deposits 
overlying the loose slope were obtained and compared. Test results indicate 
that the inclusion of soil reinforcement in the replaced sand not only 
significantly increases the stability of the sandy slope itself but also 
decreases much both the monotonic and cumulative cyclic settlements 
leading to an economic design of the footings. However, the efficiency of 
the sand–geogrid systems depends on the properties of the cyclic load and 
the location of the footing relative to the slope crest. Based on the test 
13 
 
results, the variation of cumulative settlements with different parameters is 
presented and discussed 
 
 
 Halwai  (2011)     Earth reinforcement is an effective and reliable technique 
for increasing the strength and stability of soils. The technique is used today 
in a variety of applications ranging from retaining structures and 
embankments to sub grade stabilization beneath footings and pavements and 
vary greatly; either in form (strips, sheets, grids, bars, or fibers), texture 
(rough or smooth), and relative stiffness (high such as steel or low such as 
polymeric fabrics).. The test results obtained suggest that the fiber 
reinforcements can change the brittle behavior of the sand to a 
comparatively ductile one. 
 
 
 Ibrahim , Ganem Sofia & Kareem (2012) The present work investigates 
the behavior of unpaved road overlying soft clay layer reinforced with single 
layer of geogrid placed at the subgrade/sub base interface. Different types of 
geogrid and subjected to repeated load using Wheel Tracking Apparatus. 
Improvement in the reinforced models over the equivalent unreinforced 
model and the difference is most significant for the thinner sub base course 
layers. 
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 Tripathi & Laxmikant Yadu (2013)   Model test have been performed to 
evaluate the effect of bearing capacity of square footing of soft soil 
stabilized with various percentages of RHA i.e. 3, 6, 9, 12, 15%. Settlement 
reduction ratio and unconfined compressive strength of stabilized soil has 
also been evaluated to obtain the effect of stabilization. Based on the model 
test results  Substantial increase in bearing capacity and reduction in 
settlement has been observed by addition of RHA with soil and  Significant 
increase in unconfined compressive strength has been observed. 50 % 
increase in UCS has been observed at 12 % RHA, Reduction in settlement 
has been observed as more at ultimate load as compared to higher load 
than ultimate load.  
 
 
 
 Raihan Taha and Altalhe (2013) Results of laboratory model tests and 
numerical studies on the behavior of a strip footing adjacent to a sand slope 
are investigated and presented in this paper. The investigated parameters 
include the effects of depth of the first reinforcement layer, vertical spacing, 
number of reinforcement layers, and distance between the edges of footings 
on bearing capacity. Results were analyzed to determine the effects of each 
parameter. Using a strip footing located near a sand slope crest had a 
significant effect on improving bearing capacity. The improvement 
increased when relative density decreased. The depth of the first layer 
decreased with further improvement when the distance of the footing edge 
from the slope crest increased. 
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 Kumar (2013) Proposed an analytical procedure based on non-linear 
constitutive laws of soils to obtain pressure-settlement characteristics of strip 
footings resting on layered reinforced sand. The confining effect of the 
reinforcement provided in the soil at different layers has been incorporated 
in the analysis by considering the equivalent stresses generated due to 
friction at the soil-reinforcement interface. Result shows that predicted and 
model test result match well up to two-third of ultimate bearing pressure. 
 
 
 
 Hegde and Sitharam (2013)   this paper presents the results of 
laboratory model tests and numerical studies conducted on a 
square footing resting on geocell reinforced sand and clay beds. 
Test results of unreinforced, geocell reinforced, and Geocell 
reinforced with additional planar geogrid at the base of the 
geocell cases are compared separately for sand and clay beds. 
Results reveal that the use of geocell increases the ultimate 
bearing capacity of the sand bed by and clay bed, Provision of 
the basal geogrid increases the ultimate load carrying capacity of 
the sand and clay, increasing the load carrying capacity, 
provision of the additional planar geogrid at the base of the 
geocell arrests surface heaving and prevents the footing from 
undergoing rotation failure. 
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 Kolay , Kumar , and Tiwari (2013) The present study 
investigates the improvement in the bearing capacity of Silty 
clay soil with thin sand layer on top and placing Geogrid at 
different depths. To establish the load versus settlement curves 
of unreinforced and reinforced soil system. The study based on 
no dimensional form as bearing capacity ratio (BCR) which is 
the ratio of bearing capacity of reinforced soil to bearing 
capacity of unreinforced soil and different parameters like𝑏/𝐵, 
ℎ/𝐵, 𝑢/𝐵, and 𝑑/𝐵ratios The results found that bearing capacity 
increases significantly with the increased  
 
 
 
 Ranadive & Jadhav (2013)   In this study  one or more layers of geo-
synthetic reinforcement are placed beneath the footing to create a composite 
material with improved performance characteristics. And made to present 
the details of investigation on performance of geotextile reinforcement in 
soil other than sand and result show Improvement in bearing capacity was 
observed considerable in reinforced soil over the unreinforced soil. For 
single layer system, BCR for depth of layer below footing equal to 0.25B is 
maximum and BCR decreases as the depth of layer increases 
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 Bindiya , Gangadhara, Muddaraju & Tejaswini B. (2014) The main 
objective of this research study is to investigate the potential benefits of 
using the reinforced soil foundations to improve the load carrying capacity 
and reduce the settlement of shallow foundations on fly ash. Numerical 
modeling is performed using PLAXIS, which is finite element code for soil 
and rock analysis and is capable of modeling reinforced soils, and the result 
show that as the spacing between the reinforcement layers increases the 
settlement reduces at any loading magnitude and, the performance of 
reinforced fly ash bed is better than unreinforced fly ash bed. 
  
 
 
 Manisana , Rajashekara Swamy , Nayana Patil & Shivashankar (2014)   
In this paper, an effort has been made to study the improvement in load 
carrying capacity, settlement behavior and shear failure mechanism of a 
square and circular footing on a reinforced granular bed overlying weak soil. 
The effects of different shapes of isolated footing, the number of 
reinforcement layers and length of reinforcement are being studied. Result 
show significantly more load carrying capacity  for 4-layers of geotextile 
under square footing compared with unreinforced foundation bed with 
square footing , It is also observed that the failure occurring in unreinforced 
granular soil bed is local shear failure whereas the reinforced soil for 4 
layers of geotextile shows the general shear failure 
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 Shailendrakumar, Solanki & D. Wabhitkar (2015) This paper presents the 
results of laboratory model tests carried out on embedded square footing 
supported on geotextile reinforced sand bed. 
 
 Badakhshan & Noorzad (2015) In this paper, an experimental study for an 
eccentrically loaded circular footing, resting on a geogrid reinforced sand 
bed, is performed. To achieve this aim, the steel model footing of 120 mm in 
diameter and sand in relative density of 60% are used. Also, the effects of 
depth of first and second geogrid layers and number of reinforcement layers 
(1e4) on the settlement-load response and tilt of footing under various load 
eccentricities (0 cm, 0.75 cm, 1.5 cm, 2.25 cm and 3 cm) are investigated. 
Test results indicate that ultimate bearing capacity increases in comparison 
with unreinforced condition. It is observed that when the reinforcements are 
placed in the optimum embedment depth (u/D ¼ 0.42 and h/D ¼ 0.42), the 
bearing capacity ratio (BCR) increases with increasing load eccentricity to 
the core boundary of footing, and that with further increase of load 
eccentricity, the BCR decreases. Besides, the tilt of footing increases 
linearly with increasing settlement. Finally, by reinforcing the sand bed, the 
tilt of footing decreases at 2 layers of reinforcement and then increases by 
increasing the number of reinforcement layers 
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 Al-Aghbari1 & Mohamed Zein (2015) Laboratory model tests were 
carried out to study the behavior of strip footing resting on a geogrids-
reinforced dune sand. The tests were performed on a rigid steel tank having 
glass side and the result show that The use of geogrids improved the 
bearing capacity of strip footings by a factor of up to 3.5 times. The 
improvement depends on the number of the geogrids layers and the depth of 
the geogrids below the bottom of the footings. The geogrids modified the 
load-settlement curve for the footing by increasing the strain at failure. The 
bearing capacity increases as the depth of the foundation increases. 
 
 
 Shailendra Kumar , Solanki  & B. K. Pandey (2015)  This study presents 
the results of laboratory model tests carried out on embedded square footing 
supported on geotextile reinforced sand bed. The effect of reinforcement 
with geotextile were studies through a series of laboratory model tests with 
different size of geotextile and depth of placement below footing. The 
effects of prestressing the geotextile on the strength improvement and 
settlement reduction of a reinforced sand bed are also being investigated. In 
addition, significant improvements are observed in load bearing capacity and 
settlement behavior of geotextile reinforced sand bed. The addition of 
prestress to geotextile gives further improvement. The improvement in 
bearing capacity depends upon size of geotextile and its placement depth 
below footing. The effect of reinforcement is significant up to depth 2B 
below footing 
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2.4 Design methods 
     
 Terzaghi (1943)  The first theory to calculate the ultimate bearing capacity 
of shallow foundation. The footing having depth less than or equal to width 
so that it can to be considered as shallow foundation. This theory assumed 
the foundation as strip foundation with rough base. The soil above the 
bottom of foundation is considered as the surcharge q = γDf. The failure 
zone under the foundation is distinguish into three part i.e. one triangular 
zone just below the foundation, two radial shear zone and two Rankine 
passive zone. Using the equilibrium analysis, Tarzaghi expressed the 
ultimate bearing capacity in the form of 
 
 
qu 1.3c ' NcqNq0.4BN (Square foundation) 
 
 
 
 
 
 
 
 
(2.1) 
 
 
 
 
(2.2) 
 
 
 
(2.3) 
 
 
(2.4) 
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Table 2.1: Bearing Capacity Factor (NcNqN) 
 
 
 
 
 
 Meyerhof (1963)  proposed a generalized equation for ultimate bearing 
capacity of any shape of foundation (strip, rectangular or square) since 
Terzaghi (1943) do not report the case of rectangular footing and also do not 
consider the shearing resistance across the failure surface in soil above the 
bottom of foundation. The equation for ultimate bearing capacity is as 
follow. 
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 Vesic (1973)  in his research, considered the effect of shape of footing, 
effect of shearing resistant of soil above the bottom of footing and 
proposed a relationship for shape factor. A number of researchers 
proposed different relationship for bearing capacity factor as well as 
shape and depth factor, which is summarized below. 
  
(2.5) 
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Table 2.2: Bearing Capacity Factor 
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Table 2.3: Shape, Depth & Inclination 
Factor 
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2.4 summary  
 
 
Table 2.3: (Continued Table 2.3) 
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Chapter 3 
 
  
 
 
 
 
 
 
Material used and Experimental procedure  
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3.1 Introduction 
 
     This chapter observe general preface about includes Test  Material, 
Test Equipment and Sample Preparation 
 
3.2 Test  Material 
 
    3.2.1 General 
 
       The basic aim of this research is to discover the bearing capacity of 
reinforced sand bed and silty clay. Therefore, the Sand and clay is the 
basic material, which is used in this research work. Geotextile is used to 
reinforcing the sand. Hydraulic jack loading machine is used to apply the 
concentrated load on the mild steel footing, which is transferred to sand 
bed in form of distributed load. Test tank of dimension 1 X 1.02 X 1.05 m 
is used to prepare the sand bed. 
 
3.2.2 Soil 
        The silty clay soil sample was collected from Gaza (Zahra City), 
Palestine. The collected soil was sun-dried, pulverized, and passed 
through US sieve # 10 (i.e., 2 mm) for different physical, engineering 
properties and bearing capacity test. The properties of the silty clay soil 
were determined in the laboratory by performing several tests using 
respective ASTM standard. 
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Figure 3.1 the transfer of the soil from the site to the laboratory 
 
 
3.2.2.1 Characteristics Sand 
 
       All experiments are conducted at same relative density of 90%. 
The average unit weight of sand at this relative density is 1.7 kg/m^3 
and internal friction angle is found out to be 36◦ by direct shear test 
at this relative density. The characteristics of sand used in research 
work and the grain size distribution is listed in table 3.1 and figure 
5.2.1 respectively and all tests will be mentioned in Chapter 5 
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Table 3.1: Geotechnical Property of Sand 
Properties of sand Property Value 
Specific gravity 2.61 
Maximum dry unit weight(kg/m3) 1.726 
Minimum dry unit weight(kg/m3) 1.54 
Dry unit weight during test(kg/m3) 1.7 
Relative density for model test(%) 90 
D50 (mm) 0.297 
Coefficient of uniformity(Cu) 2.123 
Coefficient of curvature(Cc) 0.86 
friction angle(ϕ◦) 36.3◦ 
Cohesion,c(kPa) 0 
 
 
3.2.2.2 Characteristics Well-graded sandy silty clay 
 
      All experiments are conducted at same maximum unite weight 
1.936 g/cm 3 with  Optimum Moisture Content  13.4 % and internal 
friction angle is found out to be 0◦ degree. The characteristics of silty 
clay used in research work and the grain size distribution is listed in 
table 3.2 and figure 5.2.2 respectively and all tests will be mentioned 
in Chapter 5  
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Table 3.2: Geotechnical Property of silty clay 
 
Properties of silty clay Property Value 
Maximum dry unit weight(kg/m3) 1.936 
relative compaction for model test(%) 85 
D50 (mm) 0.069 
Coefficient of uniformity(Cu) 56.26 
Coefficient of curvature(Cc) 4.113 
friction angle(ϕ◦) 6◦ 
Cohesion,c(kPa) 10 
 
 
3.2.3 Geo-textile.   
 
     Geotextile is one form of geosynthetic used in this research. The use 
of geotextiles during the past two decades has been extensive. These 
are textiles in the traditional concept, but consist of synthetic fibers 
instead natural ones such as silk, wool, or cotton. This environmental 
degradation is not a problem. This synthetic fiber is made into flexible, 
non-woven or is matted together in random or porous fabric by the 
standard weaving machine, manner. Some of them are also knit. As the 
application areas for geotextile includes separation, reinforcement, 
filtration, drainage. 
The properties of the geotextile are as given below. 
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Table 3.3 Properties of geotextile 
Property Values Property Values 
Mass per unit area, (g/m2)  147 
Thickness, (mm) 1.35 
Tensile strength, MD(kN/m) 30 
Tensile strength, CD(kN/m) 29 
Tearing strength, MD(N) 612 
Tearing strength, CD(N) 475 
Puncture strength, (N) 637 
Style (Quality no.) P.D. 381 
Colour Yellowish-white 
Polymer Polyethyelene 
 
 
3.3 Test Equipment 
3.3.1 Model Test Tank  
       Tank size is decided on the basis the result of some literature. Some 
studies says that minimum size should be at least 5 times the width of 
test plate (Model Footing) to develop the full failure zone without any 
interference of side. For cohesion less soil, In other studies suggested 
that the maximum extension of failure zone will be 2.5 times of the 
footing width along the side and 3 times the width of footing below the 
footing. Keeping the above criteria in mind.   
A model test tank with the dimensions having length ( 1000 mm, width 
(𝐵 1000 mm, and depth (𝐷 1000 mm was designed and fabricated to 
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perform the test. The horizontal and vertical sides of the model tank are 
stiffned by using steel angle sections at the top, bottom, and middle of 
the tank to avoid any lateral yielding during soil compaction in the tank 
and also while applying load at model footing during the experiment. all 
side walls of the tank were made of 10 mm thick Of glass thermal Secret 
plates  , and The base is made of 50 mm thick Of reinforced concrete 
.Where it was due to the use of glass to reduce friction with the aspects 
of soil and sand .   
 
Figure 3.2 Sketch Test Tank 
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Figure 3.3 Model Test Tank 
 
3.3.2 Model Footing.          
          A model footing is consist of part the is steel plate with dimension 
(𝐿 equal to 150 mm), width (𝐵 equal to150 mm), and thickness (𝐷 equal 
to 10 mm) and the second is reinforced concrete put under the steel 
plate with dimension (150-150-50)mm belay with plate by glue, was 
used in the experimental study. The footing dimensions were selected 
based on the model tank’s dimension. The model footing was designed 
in such a way that its width is less than 5 times the depth of the model 
tank so that the effect of the load could not reach the bottom of tank. 
Model footing of made of steel is used for experimental work. 
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3.3.3 Dial gauge  
             One-dial gauges of following specification were used during the 
test.Least count-0.0lmm Range- 50mm Dial gauges were kept in position 
using a magnetic base placed suitably on a rigid support. As the load was 
applied settlement occurred which was recorded by dial gauges. 
 
3.3.4 Hydraulic Jack 
       Form is through a hydraulic Jack 6 tons and contains hour gage 
pressure measurement unit bar 250-bar capacity. Note that internal 
diameter cylinder oil 3.2 Centimeter.  
 
 
 
 
 
 
 
 
 
 
 
Figure 3.4 Equipment Used (Model Footing -Dial gauge-Hydraulic Jack) 
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3.4 Sample Preparation  
       
    3.4.1 Placement of sand 
        Internal dimension of the test tank is measured and weight of sand 
to fill the tank up to a specified height is calculated using working 
relative density of 90%. Now sever trials are made to discover the height 
of fall of sand by allowing the sand to fall from different height to filling 
the tank up to desired height Through a sieve of 2 mm . After filling the 
tank up to desired height using raining technique, density of sand filled 
in tank for different trials is calculated. Height of fall for which the 
density is same as working density is taken for sample preparation. After 
finding out the height of fall, weight of sand require for 5cm thick layer 
to maintain the working density is taken and poured into the tank from 
specified height of fall using sand raining technique. Each layer is 
levelled using level plate to check whether the density is maintained 
properly or not .For the preparation of reinforced sand sample, 
geotextile is placed at desired depth from bottom of footing after level 
ling the surface to make it horizontal. Placement of geotextile is 
described in detail in Figure. 
 
 
3.4.2 Placement of Well-graded sandy silty clay 
 
      First, the internal dimensions of the tank were measured accurately 
and the different layers for filling the clay were marked with the help of 
a Numbering on the tank. After knowing the volume of the tank weight 
36 
 
of clay required to fill the tank was computed for a layer of 5 cm the 
weight of clay required was 107 kg. First, the clay was applied in eight 
equal layers, each layer being 5 cm each. Layer was compacted properly 
by manual compactor to achieve the relative compaction of silty clay 
soil, that is, 90% of the maximum dry unit weight with the optimum 
moisture content 13.4 % then a layer of 5 cm was applied and was 
compacted to achieve the required density. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.5 Placement of silt clay and sand 
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3.4.3 Placement of Geotextile   
       For the test with reinforcement the first geotextile layer was placed 
at a depth 5cm from the base of the footing, the other subsequent layer 
of geotextile being placed at equal spacing of 5cm as shown in figure 4.1 
After putting the geotextile, small weights were placed on them to keep 
the geotextile in position and then the required quantity of sand was 
poured. For each time each layer was poured by using raining technique 
to achieve the required density. While pouring care was taken not to 
disturb the Geotextile, layers the pouring was done with the help of a 
sieve 2mm. Different marks were made at different levels for the 
particular layer. For example for a 5cm layer, the mark was made at a 
height 5cm from bottom, so that the bottom layers were not disturbed. 
Fig. shows the typical layout of the multi-layered geotextile reinforced 
sand bed adopted in the model tests. N layers of reinforcement, square 
in shape and having side width b, are placed at specific depths while 
preparing the sand bed for each model test.The depth of placement of 
the top most reinforcement layer from the bottom face of the footing is 
measured as u and the vertical spacing between consecutive layers of 
reinforcement is measured as h. The total depth of reinforcement zone, 
d, below the bottom face of the footing then becomes 
 
Figure 3.6  Cross-section showing sand bed with multiple number of 
reinforcement 
(3.1) 
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Figure 3.7 Placement of Geotextile   
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3.5 Equipment Setup 
       First of all locate the center of footing at the center of box to 
achieve the centricity of applied load at the footing, and then put 
the footing sample at the center of the box to avoid the 
eccentricity loading, then we prepare hydraulic manual jack 
above the footing in appropriate place to make the loading and 
make sure to adjust pressure gauge to measure the pressure at 
the footing , and then adjust the settlement  gauge at suitable 
place to measure the settlement due to loading , we need to be 
sure that all equipments in its place and doesn't move. 
 
 
 
3.6 Test Series 
The experiments, which make in the project show in the following table 
 
Table 3.4 Model Test Series 
No Type of test 
1 unreinforced foundation soil  
2 1-Layers of geotextiles  
3 2-Layers of geotextiles  
4 3-Layers of geotextiles  
5 4-Layers of geotextiles  
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3.7 Test Procedure 
 
i. The footing with loading assembly was placed on the top surface 
of the sand. 
ii. The top of the jack was allowed to move down until it just came in 
contact with the top of the steel plate. Then the weight ofthe 
footing with the rod was released by loosening the locking screw, 
which acted as seating load 
iii. The initial readings of dial gauges were noted. 
iv. The load was then applied and the footing was allowed to settle 
under the applied load intensity. When the required load 
intensitywas reachedsettlement, observations were taken from 
the dial gauges. 
v. The next load increment was then applied and the reading of dial 
gauges were noted 
vi. The process of load application was repeated until the footing 
failed because of excessive settlement, which was also indicated 
fromproving ring reading. 
vii. On completion of the load test, the equipment'swere removed, 
the tank was emptied and the tank was again refilled for the next 
set of Load test. 
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Chapter 4 
 
  
 
 
 
 
RESULTS AND ANALYSIS 
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4.1 Introduction 
 
      This chapter observe general preface will discuss in twofold, 
The first part of the lab tests of both types of soil (sand and Clay) 
and the second part about Bearing Capacity of Reinforced and 
Unreinforced sand and silty clay . 
 
4.2 General 
     Load tests have been performed on model Square footings 
of size 15cm15cm resting over unreinforced as well as 
reinforced sand bed with depth 50 cm above Silty clay layer 
with depth 40 cm , four layer of  geotextile has been use 
Settlement corresponding to each load increment is noted and 
the test result is plotted in term of load-settlement curve. 
Ultimate bearing capacity for each test is determined from 
load-settlement curve by using Meyerhof equation and we are 
comparing the unreinforced as well as reinforced soil bearing 
capacity results. 
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4.3 Laboratory testing of soil sand and clay 
4.3.1 Lab tests of Sand. 
   The sand has been sieved passing through 2 mm sieve (No.10). The 
results of sieve analysis of sand used have been presented in Figure 4.1. 
And Atterberg Limits Test (L.L, P.L, & PI) in Figure 4.2 .The characteristic 
of sand used are as follows. 
 Grain Size Distribution of Soil  ASTM D 422-63 (2007) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Figure 4.1 Grain Size Distribution of Sand 
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 Atterberg Limits Test (L.L , P.L, & PI) 
Determination of Plastic Limit, Determination of Liquid 
Limit By Cone Penetrometer Method. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.2 Atterberg Limits Test (L.L , P.L, & PI) of sand 
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4.3.2  Lab tests of well-graded sandy silty clay. 
The Silty Clay has been sieved passing through 2 mm sieve (No.10). The 
results of sieve analysis of Silty Clay used have been presented in Figure 
4.3. And Atterberg Limits Test (L.L, P.L, & PI) in Figure 4.5 .The 
characteristic of Silty Clay used are as follows. 
 Grain Size Distribution of Soil  ASTM D 422-63 (2007) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
Figure 4.3 Grain Size Distribution of silty clay 
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 Atterberg Limits Test (L.L , P.L, & PI) 
Determination of Plastic Limit, Determination of Liquid 
Limit by Cone Penetrometer Method. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.4 Atterberg Limits Test (L.L , P.L, & PI) of silty clay 
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 COMPACTION TEST 
Moisture Density Relationship of Soils using 4.54-kg Rammer and 
457mm drop. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.5 COMPACTION TEST of silty clay 
48 
 
4.4  Bearing Capacity Test 
4.4.1 Bearing Capacity of Unreinforced Soil 
       Results of load test have been plotted in term of load-settlement 
curve as shown in Figure 4.6 From the graph, it is observed that the 
settlement has been increased by increasing the pressure on the footing 
which mean the results have normal side and From the bearing capacity 
value tabulated in Table 4.1, it is observed that the theoretical values 
using various formulae available in literature is widely varying. However, 
experimental value of bearing capacity is more than theoretical values 
calculated using formula proposed by Meyerhof (1997). Many 
researchers like Balla 1962 and some others have reported that 
experimental load carrying capacity of model footing is much higher than 
those calculated by traditional methods. 
Table 4.1 Bearing Capacity of Unreinforced Soil 
ber kN/m^2 settlement  (S/B)% 
mm 
0 0 0 0.0 
5 18 1 0.7 
10 35 2.5 1.7 
15 53 4.3 2.9 
20 71 5.8 3.9 
25 88 8 5.3 
30 106 11.1 7.4 
35 123 13.3 8.9 
40 141 15.7 10.5 
45 159 18.3 12.2 
50 176 20.2 13.5 
55 194 21.7 14.5 
60 212 23.8 15.9 
65 229 26.1 17.4 
70 247 28.7 19.1 
75 265 32.2 21.5 
80 282 36.3 24.2 
85 300 39.9 26.6 
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Figure 4.6 Load Settlement Curve of Unreinforced Soil 
 
  
 
Figure 4.7 Load Settlement Curve of Unreinforced Soil and S/B ratio 
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4.4.2   Bearing Capacity of Geo-textile reinforced sand 
and silty clay (N=1)      
       Laboratory model tests have been performed using square 
footing resting over the Geotextile reinforced sand. The sand is 
reinforced by placing multilayer (N=1,2, 3, 4)Geotextile with df/B 
ratio equals to 0.33 ,0.67 , 1 ,1.33 where df is the depth of lower 
most Geotextile layer from bottom of footing and B is the width 
of footing. And figure 4.8 show the load settlement curve by using 
(N=1), The ultimate bearing capacity has been found from load-
settlement curve using Meyerhof and From the graph it can be 
observed that load bearing capacity increase comparing with 
unreinforced soil if we look at the same settlement point (26 mm) 
the bearing capacity in figure 4.6 was 229 kn/m2 and in figure 4.8 
was 282kn/m2 
Table 4.2 Bearing Capacity of reinforced Soil (N=1) 
ber kn/m^2 settlement  (S/B)% 
mm 
5 18 1 0.7 
10 35 2.1 1.4 
15 53 4.1 2.7 
20 71 5.7 3.8 
25 88 7.3 4.9 
30 106 8.6 5.7 
35 123 10.5 7.0 
40 141 12.3 8.2 
45 159 13.6 9.1 
50 176 14.7 9.8 
55 194 15.6 10.4 
60 212 17.9 11.9 
65 229 19.8 13.2 
70 247 22 14.7 
75 265 23.7 15.8 
80 282 26 17.3 
85 300 28.4 18.9 
90 318 31.6 21.1 
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Figure 4.8 Load Settlement Curve of reinforced Soil (N=1) 
 
 
Figure 4.9 Load Settlement Curve of reinforced Soil (N=1) and S/B ratio 
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4.4.3 Bearing Capacity of Geo-textile reinforced 
sand and silty clay (N=2) 
          Figure 4.10 show the settlement-load curve which result from 
experimental work By using 2 layer of geotextile in the sand layer, the 
first layer far from bottom of footing 5cm and the next at 10cm, and df/B 
was 0.67 where df is the depth of lower most geotextile layer from 
bottom of footing and B is the width of footing and From the graph it can 
be observed that load bearing capacity increase comparing with 
unreinforced soil if we look at the same settlement point (26 mm) the 
bearing capacity in figure 4.6 was 229 kn/m2 and in figure 4.10 was 
310kn/m2 
Table 4.3 Bearing Capacity of reinforced Soil (N=2) 
ber kn/m^2 settlement (S/B)% 
mm 
0 0 0 0.0 
5 18 0.5 0.3 
10 35 1 0.7 
15 53 1.6 1.1 
20 71 2.4 1.6 
25 88 4.4 2.9 
30 106 6 4.0 
35 123 8.8 5.9 
40 141 10.8 7.2 
45 159 11.8 7.9 
50 176 13.9 9.3 
55 194 14.9 9.9 
60 212 16.5 11.0 
65 229 18.4 12.3 
70 247 20.7 13.8 
75 265 21.9 14.6 
80 282 23.5 15.7 
85 300 25.3 16.9 
90 318 28.3 18.9 
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Figure 4.10 Load Settlement Curve of reinforced Soil (N=2) 
 
 
 
Figure 4.11 Load Settlement Curve of reinforced Soil (N=2) and S/B 
ratio 
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4.4.4  Bearing Capacity of Geo-textile reinforced sand and 
silty clay (N=3) 
 
Table 4.4 Bearing Capacity of reinforced Soil (N=3) 
ber kn/m^2 settlement  (S/B)% 
mm 
0 0 0 0.00 
5 18 0.25 0.17 
10 35 0.55 0.37 
15 53 0.95 0.63 
20 71 1.95 1.30 
25 88 3.55 2.37 
30 106 4.75 3.17 
35 123 5.85 3.90 
40 141 7.65 5.10 
45 159 8.95 5.97 
50 176 10.05 6.70 
55 194 11.65 7.77 
60 212 12.35 8.23 
65 229 12.85 8.57 
70 247 13.25 8.83 
75 265 14.75 9.83 
80 282 16.05 10.70 
85 300 17.55 11.70 
90 318 19.45 12.97 
95 335 21.75 14.50 
100 353 23.95 15.97 
105 370 26.35 17.57 
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Figure 4.12 Load Settlement Curve of reinforced Soil (N=3) 
 
 
 
Figure 4.13 Load Settlement Curve of reinforced Soil (N=3) and S/B 
ratio 
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4.4.5 Bearing Capacity of Geo-textile reinforced sand and 
silty clay (N=4) 
 
Table 4.5 Bearing Capacity of reinforced Soil (N=4) 
ber kn/m^2 settlement  (S/B)% 
mm 
0 0 0 0.0 
5 18 0.25 0.2 
10 35 0.5 0.3 
15 53 1 0.7 
20 71 1.2 0.8 
25 88 2.2 1.5 
30 106 3.2 2.1 
35 123 4.2 2.8 
40 141 6.2 4.1 
45 159 6.7 4.5 
50 176 7.5 5.0 
55 194 8.5 5.7 
60 212 9.3 6.2 
65 229 10.3 6.9 
70 247 10.55 7.0 
75 265 12.15 8.1 
80 282 13.15 8.8 
85 300 14.35 9.6 
90 318 16.35 10.9 
95 335 17.15 11.4 
100 353 18.65 12.4 
105 370 21.65 14.4 
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Figure 4.14 Load Settlement Curve of reinforced Soil (N=4) 
 
 
Figure 4.15 Load Settlement Curve of reinforced Soil (N=4) and S/B 
ratio 
 
0
3
6
9
12
15
18
21
24
0306090120150180210240270300330360390
se
tt
le
m
en
t 
   
m
m
load kn/m2
4-Layers of geotextiles
0.0
3.0
6.0
9.0
12.0
15.0
18.0
0306090120150180210240270300330360390
(S
/B
)%
load kn/m2
4-Layers of geotextiles
58 
 
4.4.6 Bearing Capacity of Reinforced and Unreinforced 
sand and silty clay 
       after the test result presented in table and figures of plotted graphs 
the following analysis should be make form figure 4.5 we are observed 
that the bearing capacity increasing gradually by increasing the number of 
layer through the four layers, and if we make comparing between the first 
and second layer we found that bearing capacity increase effectively, and 
should be noted that the result increase by increasing ratio 
Table 4.6 Bearing Capacity of Reinforced and Unreinforced sand and 
silty clay 
Stress Settlement  --mm 
ber kN/m^2 N=0 N=1 N=2 N=3 N=4 
0 0 0.0 0.0 0.0 0.0 0.0 
5 18 0.7 0.7 0.3 0.2 0.2 
10 35 1.7 1.4 0.7 0.4 0.3 
15 53 2.9 2.7 1.1 0.6 0.7 
20 71 3.9 3.8 1.6 1.3 0.8 
25 88 5.3 4.9 2.9 2.4 1.5 
30 106 7.4 5.7 4.0 3.2 2.1 
35 123 8.9 7.0 5.9 3.9 2.8 
40 141 10.5 8.2 7.2 5.1 4.1 
45 159 12.2 9.1 7.9 6.0 4.5 
50 176 13.5 9.8 9.3 6.7 5.0 
55 194 14.5 10.4 9.9 7.8 5.7 
60 212 15.9 11.9 11.0 8.2 6.2 
65 229 17.4 13.2 12.3 8.6 6.9 
70 247 19.1 14.7 13.8 8.8 7.0 
75 265 21.5 15.8 14.6 9.8 8.1 
80 282 24.2 17.3 15.7 10.7 8.8 
85 300 26.6 18.9 16.9 11.7 9.6 
90 318  21.1 18.9 13.0 10.9 
95 335    14.5 11.4 
100 353    16.0 12.4 
105 370    17.6 14.4 
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Figure 4.14 Load Settlement Curve of Reinforced 
and Unreinforced sand and silty clay 
 
Figure 4.15 Load Settlement Curve of 
Reinforced and Unreinforced sand and silty 
clay and S/B ratio 
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4.5 Analysis of Test Result 
 
Table 4.7 analysis of test result 
S. 
No 
Number of 
geotextile 
Layer (N) 
 
Df/B 
Model Test qu 
(KN/m2) 
Meyrhof (1953) 
qu (kN/m2) 
settlement     
10% (S/B) ratio 
1 0 0 140 
136 
2 1 0.33 191 
3 2 0.66 205 
4 3 1 266 
5 4 1.33 311 
 
Theoretical Ultimate Bearing Capacity.  The theoretical 
Ultimate bearing capacity for double-layer soil system is 
calculated by using Meyerhof [4.1] equation as follows. Thy 
assumed that the top layer is strong sand and bottom layer is 
saturated soft clay. 
The ultimate bearing capacity for top layer can be calculated by using 
[4.2] equation. 
The ultimate bearing capacity for bottom layer can be calculated by 
using [4.3] equation. 
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Meyrhof (1953) Using equations 
 
 
 
 
Where(c  ( is the untrained cohesion for silty clay soil and 𝐾 is the 
punching shear coffined which depends on ratio of 𝑞b/𝑞t. In the present 
study, the top layer is poorly graded sand with an angle of internal 
friction, = 36.3∘, the bearing capacity factor, NcNqN can be obtained 
as 50.59, 37.75, and 56.31, respectively. The bottom layer is local silty 
clay with 13.4% water content and the angle of internal friction, = 6∘ 
 
 
 
(4.1) 
 
 
 
(4.2) 
 
 
(4.3) 
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Ultimate Bearing Capacity of Two-Layered Soil System 
Using Geotextile. Five tests were conducted on two-layer soil system by 
placing Geotextile at different depths from the base of the footing and 
also varying the number of Geotextile  
layers. Figure 4.14 shows the bearing pressure versus settlement 
curves for all tests. Three is no distinct failure point observed 
on bearing capacity versus settlement curve. the 10% width of footing 
method and, tangent intersection method are used to estimate the 
ultimate bearing capacity for shallow foundation which is shown in 
Figures 4.15. 
 From Figure 4.15, it is clear that the bearing capacity increases with the 
increase in the number of Geotextile layers. Out of five tests, two tests 
were conducted by using one Geotextile layer but at various positions, 
that is, the depth of Geotextile from the base of footing is different. This 
is the case of varying U/B (i.e., depth of fist layer of Geotextile /width 
of footing) ratio by keeping the number of Geotextile layer 
constant. While in other tests, the h/B ratio (depth of fist 
layer of Geotextile/width of footing) and ℎ/B (consecutive 
height of two Geotextile layers) ratio were kept constant but 
varying the number of Geotextile layer. 10% (width of footing) 
method is used to find out the ultimate bearing capacity for all 
these cases. The ultimate bearing capacity values with Geotextile 
layer can be compared with unreinforced for two-layer system. The 
results of various tests conducted on two-layer soil system with and 
without Geotextile are presented in Table 4.6 and Table 4.7. 
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Chapter 5 
 
  
 
 
 
 
 
 
Summary and Conclusions 
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5.1 Summary and Conclusions 
 
      After analysis of the test results presented in Tables and 
Figures of 
plotted Graphs, the following conclusions are drawn regarding 
the performed experimental study: 
1- Provision  of  the  geotextile  reinforcement  layers  improves  
the  load  carrying  capacity  of  the  model  footing. 
2- The ultimate bearing capacity of the foundation increases with 
the increase in number of reinforcement layer 
3- The ultimate bearing capacity of the foundation increases with 
increase the area of geotextile layer    
 
6.2 Scope of future research work: 
 
     Future research work can be done on improvement of soil in 
the following directions:- 
1- Help researchers in investigate in improvement the bearing 
capacity soil filed 
2- Work on different models of the footing with different (B/L 
ratio). 
3- A generalized equation for ultimate bearing capacity of 
reinforced sand bed can be derived for any shape (i.e. 
square, rectangular and strip) of footing. 
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4- For sand tests with relative densities larger than those here 
used, use sands with d50 greater than 0.4mm. In addition, 
it should be useful to test with another kind of sand. 
5- The possibility to use some software to simulate 
experiments and show the results of approximations using 
the computer. 
6- Varying molding water contents soil and by inclusion of 
various types of non-woven and woven geotextiles in layers 
in the soil of different characteristics with a wider range of 
different parameters. 
 
